
i

Acronyms and Abbreviations   .................................................................................................vii

Production Credits and Acknowledgements   ..........................................................................xi

Executive Summary  ...................................................................................................................1
  T. Stebbins, A. Latker

Chapter 1.  General Introduction   ............................................................................................7
  T. Stebbins

  Background .............................................................................................................................7
  Receiving Waters Monitoring .................................................................................................7     
  Literature Cited .......................................................................................................................9

Chapter 2.  Oceanographic Conditions  ..................................................................................13 
  A. Latker, J. Pettis Schallert, W. Enright, T. Stebbins

  Introduction  ..........................................................................................................................13  
  Materials and Methods  .........................................................................................................14  
  Results  ..................................................................................................................................16  
  Discussion  ............................................................................................................................27  
  Literature Cited  ....................................................................................................................29

Chapter 3.  Water Quality   ......................................................................................................33  
  A. Davenport, A. Latker

  Introduction  ..........................................................................................................................33  
  Materials and Methods  .........................................................................................................33  
  Results  ..................................................................................................................................36  
  Discussion  ............................................................................................................................40  
  Literature Cited  ....................................................................................................................41

Chapter 4.  Sediment Conditions  ............................................................................................45  
  E. Moore

  Introduction  ..........................................................................................................................45  
  Materials and Methods  .........................................................................................................46  
  Results  ..................................................................................................................................47  
  Discussion  ............................................................................................................................52  
  Literature Cited  ....................................................................................................................53

Chapter 5.  Macrobenthic Communities  ................................................................................55  
  P. Vroom, N. Haring, R. Velarde, T. Stebbins

  Introduction  ..........................................................................................................................55  
  Materials and Methods  .........................................................................................................55  
  Results  ..................................................................................................................................57  
  Discussion  ............................................................................................................................67  
  Literature Cited  ....................................................................................................................69

Table of Contents



ii

Chapter 6.  Demersal Fishes and Megabenthic Invertebrates  .............................................73  
  P. Vroom, R. Gartman

  Introduction  ..........................................................................................................................73  
  Materials and Methods  .........................................................................................................73  
  Results  ..................................................................................................................................75  
  Discussion  ............................................................................................................................83  
  Literature Cited  ....................................................................................................................85

Chapter 7.  Bioaccumulation of Contaminants in Fish Tissues  ...........................................89 
  A. Latker, E. Moore, R. Gartman

  Introduction  ..........................................................................................................................89  
  Materials and Methods  .........................................................................................................89  
  Results  ..................................................................................................................................91  
  Discussion  ............................................................................................................................94  
  Literature Cited  ....................................................................................................................97

Glossary   .................................................................................................................................101

APPENDICES

  Appendix A:  Supporting Data — Oceanographic Conditions
  Appendix B:  Supporting Data — Water Quality
  Appendix C:  Supporting Data — Sediment Conditions
  Appendix D:  Supporting Data — Macrobenthic Communities
  Appendix E:  Supporting Data — Demersal Fishes and Megabenthic Invertebrates
  Appendix F:  Supporting Data — Bioaccumulation of Contaminants in Fish Tissues

Table of Contents (continued)



iii

LIST OF TABLES

Chapter 1:  General Introduction  
  No Tables.

Chapter 2:  Oceanographic Conditions  
  2.1    Sample dates for quarterly oceanographic surveys conducted during 2010  ...............16
  2.2    Temperature, salinity, dissolved oxygen, pH, transmissivity, and chlorophyll a for 
           surface and bottom waters during 2010  ......................................................................19

Chapter 3:  Water Quality  
  3.1    Depths at which seawater samples are collected for kelp bed and offshore stations ...36  
  3.2    Rainfall and bacteria levels at shore stations during 2010 ...........................................37  
  3.3    Elevated bacteria at shore stations during 2010  ..........................................................38  
  3.4    Fecal indicator bacteria densities at kelp bed stations during 2010 .............................40  
  3.5    Elevated bacteria densities at kelp bed stations during 2010 .......................................41

Chapter 4:  Sediment Conditions
  4.1    Particle size and sediment chemistry parameters at benthic stations during 2010  ......48  
  
Chapter 5:  Macrobenthic Communities
  5.1    Macrofaunal community parameters for 2010  ............................................................58  
  5.2    Percent composition of species and abundance by major taxonomic group 
           for 2010  .......................................................................................................................59  
  5.3    Ten most abundant macroinvertebrates collected at benthic stations 
           during 2010  .................................................................................................................59
  5.4    Results of BACIP t-tests for number of species, infaunal abundance, BRI, and                  
       abundance of several representative taxa from 1991–2010 ..........................................61
  5.5    Description of cluster groups A–G defi ned in Figure 5.4 ............................................66

Chapter 6:  Demersal Fishes and Megabenthic Invertebrates
  6.1    Demersal fi sh species collected in 12 trawls during 2010  ..........................................75
  6.2    Demersal fi sh community parameters for 2010  ..........................................................76  
  6.3    Description of cluster groups A–J defi ned in Figure 6.6  .............................................82
  6.4    Species of megabenthic invertebrates collected in 12 trawls during 2010  .................83  
  6.5    Megabenthic invertebrate community parameters for 2010  .......................................84

Chapter 7:  Bioaccumulation of Contaminants in Fish Tissues
  7.1    Species of fi sh collected from each trawl zone or rig fi shing station during 2010  .....91
  7.2    Metals, pesticides, PCBs, and lipids in liver tissues of Pacifi c sanddabs collected                 
           at trawl zones during 2010  ..........................................................................................92
  7.3    Metals in muscle tissues of fi shes collected at rig fi shing stations during 2010  .........95
  7.4    Pesticides, PCBs, and lipids in muscle tissues of fi shes collected at rig fi shing                 
           stations during 2010  ....................................................................................................96  
   

Table of Contents (continued)



iv

LIST OF FIGURES

Chapter 1:  General Introduction
  1.1    Receiving waters monitoring stations for the Point Loma Ocean Outfall 
           Monitoring Program  ......................................................................................................8
 
Chapter 2:  Oceanographic Conditions 
  2.1    Location of moored instruments and water quality monitoring stations where 
           CTD casts are taken, Point Loma Ocean Outfall Monitoring Program  ......................14  
  2.2    Scatterplot of temperature and density in 2010  ...........................................................17
  2.3    Temperature data collected at the 100-m thermistor site during 2010 ........................  18
  2.4    Ocean temperatures during 2010  .................................................................................20  
  2.5    Vertical profi les of ocean temperature at stations F27–F33 during 2010 .....................21
  2.6    Rapid Eye satellite image of the Point Loma region on November 1, 2010 ................22  
  2.7    Levels of salinity during 2010 ......................................................................................23
  2.8    Vertical profi les of salinity at stations F27–F33 during 2010  .....................................24  
  2.9    MODIS image of the PLOO and coastal region on May 28, 2010  .............................25
  2.10  Hourly average currents for winter, spring, summer and fall in 2010  ........................26  
  2.11  Empirical Orthogonal Function 1 for winter, spring, summer, and fall in 2010 ..........27  
  2.12  Time series of temperature, salinity, transmissivity, pH, dissolved oxygen, and 
               chlorophyll a anomalies between 1991 and 2010  .......................................................28

Chapter 3:  Water Quality
  3.1    Water quality monitoring stations for the Point Loma Ocean Outfall Monitoring 
               Program  .......................................................................................................................34 
  3.2    Rapid Eye satellite image taken on December 24, 2010 combined with 
           enterococcus concentrations at shore stations on December 22, 2010 ........................38
  3.3    Comparison of bacteriological data from shore stations to rainfall between 
               January 1, 2007 and December 31, 2010  ....................................................................39 
  3.4    Distribution of seawater samples collected during quarterly surveys that 
           contained elevated densities of enterococcus ...............................................................42
  3.5    Distribution of ammonia in seawater samples collected during the third and fourth 
           quarterly surveys in 2010 .............................................................................................43 
 
Chapter 4:  Sediment Conditions 
  4.1    Benthic station locations for the Point Loma Ocean Outfall Monitoring Program  ....46  
  4.2    Distribution of fi ne sediments at benthic stations during 2010  ...................................49
  4.3    Percent fi nes and organic indicator data from 1991 to 2010  .......................................50  
  
Chapter 5:  Macrobenthic Communities
  5.1    Benthic station locations sampled for the Point Loma Ocean Outfall Monitoring 
               Program  .......................................................................................................................56
  5.2    Abundance per survey for adult Amphioda urtica and unidentifi able juveniles                   
           from 1991–2010  ..........................................................................................................60 
  5.3    Comparison of parameters at impact and control sites used in BACIP analyses .........62
   5.4    Multivariate analyses of macrofaunal assemblages in 2010 ...........................................64 

Table of Contents (continued)



v

LIST OF FIGURES (continued)
 
Chapter 6:  Demersal Fishes and Megabenthic Invertebrates 
  6.1    Otter trawl station locations, Point Loma Ocean Outfall Monitoring Program  ..........74
  6.2    Species richness and abundance of demersal fi sh at each trawl station between 
           1991 and 2010  .............................................................................................................77  
  6.3    Seven most abundant fi sh species from 1991 through 2010  .......................................78
  6.4    nMDS plot depicting relationships among locations based on demersl fi sh 
           abundances for 1991–2010 ...........................................................................................79  
  6.5    Classifi cation analysis of demersal fi sh assemblages by year ......................................80
  6.6    Classifi cation analysis of demersal fi sh assemblages collected at stations 
           SD7–SD14 between 1991 and 2010 .............................................................................81
  6.7    Species richness and abundance of megabenthic invertebrates at each trawl 
           station between 1991 and 2010  ...................................................................................85
  6.8    Five most abundant megabenthic species from 1991 through 2010 ............................86

Chapter 7:  Bioaccumulation of Contaminants in Fish Tissues
  7.1    Otter trawl station/zones and rig fi shing stations for the Point Loma Ocean Outfall         
           Monitoring Program  ....................................................................................................90
  7.2    Concentrations of metals in the liver tissues of Pacifi c sanddabs from trawl 
           zones during 2010  .......................................................................................................93
   7.3    Concentrations of pesticides and PCBs in liver tissues of Pacifi c sanddabs 
           from trawl zones during 2010  .....................................................................................94
  7.4    Concentrations of pesticides, PCBs, and metals in muscle tissues of fi shes from 
           rig fi shing stations during 2010  ...................................................................................97

LIST OF BOXES

Chapter 3:  Water Quality 
  3.1    Bacteriological compliance standards for water contact areas  ....................................35 
 
LIST OF APPENDICES

Appendix A:  Oceanographic Conditions  
  A.1   Density during March 2010   
  A.2   Concentrations of dissolved oxygen during 2010
  A.3   Vertical profi les of dissolved oxygen for stations F27–F33 during 2010                    
  A.4   Transmissivity during 2010                    
      A.5   Vertical profi les of transmissivity for stations F27–F33 during 2010      
  A.6   Concentrations of chlorophyll a during 2010  
  A.7   Vertical profi les of chlorophyll a for stations F27–F33 during 2010
  A.8   Empirical Orthogonal Function 2 for winter, spring, summer, and fall 2010 

Appendix B:  Water Quality
  B.1   Elevated total coliform, fecal coliform, and/or enterococcus densities at shore 
               stations during 2010  

Table of Contents (continued)



vi

LIST OF APPENDICES (continued)

  B.2   Elevated total coliform, fecal coliform, and/or enterococcus densities at kelp 
           bed stations during 2010  
  B.3   Elevated enterococcus densities at offshore stations during 2010                
  B.4   Compliance with the 2001 California Ocean Plan water contact standards for 
           shore and kelp bed stations from January 1 to July 31, 2010                                            
  B.5   Compliance with the 2005 California Ocean Plan water contact standards for 
           shore, kelp bed and offshore stations from August 1 to December 31, 2010

Appendix C:  Sediment Conditions  
  C.1   Subset of the Wentworth scale and modifi cations used in the analysis of 
           sediments in 2010                                                                                                              
  C.2   Constituents and method detection limits for sediment samples during 2010                  
  C.3   Constituents that make up total DDT, total PCB, and total PAH in sediment                     
           samples during 2010  
  C.4   Sediment statistics for the January and July 2010 surveys                                                               
  C.5   Select histograms illustrating particle size distributions of sediments in 2010  
  C.6   Organic loading indicators at benthic stations for the January and July 2010                       
           surveys
  C.7   Concentrations of trace metals for the January and July 2010 surveys                             
  C.8   Concentrations of HCH, HCB, total DDT, total PCB, and total PAH detected at               
           benthic stations during the January and July 2010 surveys

Appendix D:  Macrobenthic Communities 
  D.1   Abundance per survey for each of the 10 most abundant species from 1991–2010
  D.2   Abundance of common organisms within groups defi ned by cluster analysis                  
  D.3   Taxa that distinguish between cluster groups according to SIMPER analysis                   

Appendix E:  Demersal Fishes and Megabenthic Invertebrates
  E.1    Demersal fi sh species captured during 2010                                                                      
  E.2    Total abundance by species and station for demersal fi shes during 2010       
  E.3    Biomass by species and station for demersal fi shes during 2010      
  E.4    Biomass of demersal fi sh by species for north and south farfi eld trawl regions                           
  E.5    Biomass of demersal fi sh by species for statistically distinct year groupings
  E.6    Demersal fi shes that distinguish between cluster groups according to SIMPER analysis                                                       
  E.7    Megabenthic invertebrates captured during 2010
  E.8    Total abundance by species and station for megabenthic invertebrates during 2010                                                                                

Appendix F:  Bioaccumulation of Contaminants in Fish Tissues 
  F.1    Lengths and weights of fi shes used for each composite sample during 2010                   
  F.2    Constituents and method detection limits for fi sh tissue samples analyzed 
           during 2010                                                                                                                         
  F.3    Constituents that make up total DDT and total PCB in each composite sample 
           during 2010                                                                                                      

Table of Contents (continued)



vii

Acronyms and Abbreviations

ADCP  Acoustic Doppler Current Profi ler
ANOSIM Analysis of Similarity
APHA  American Public Health Association
APT  Advanced Primary Treatment
AUV  Automated Underwater Vehicle
BACIP  Before-After-Control-Impact-Paired
BOD  Biochemical Oxygen Demand
BRI  Benthic Response Index
χ2  Pearson's Chi-square Analyses test statistic
CCS  California Current System
CDHS  California State Department of Health Services
CFU  Colony Forming Units
cm  centimeter
CSDMML City of San Diego Marine Microbiology Laboratory
CTD  Conductivity, Temperature, Depth instrument
DDT  Dichlorodiphenyltrichloroethane
df  degrees of freedom
DO  Dissolved Oxygen
ELAP  Environmental Laboratory Accreditation Program
EMAP  Environmental Monitoring and Assessment Program
EMTS  Environmental Monitoring and Technical Services
ERL  Effects Range Low
ERM  Effects Range Median
F:T  Fecal to Total coliform ratio
FIB  Fecal Indicator Bacteria
ft  feet
FTR  Fecal to Total coliform Ratio criterion
g  gram
H'  Shannon diversity index
HCB  Hexachlorobenzene
HCH  Hexachlorocylclohexane
IGODS Interactive Geographical Ocean Data System
in  inches
IR  Infrared
IWTP  International Wastewater Treament Plant
J'  Pielou's evenness index
kg  kilogram
km  kilometer
km2  square kilometer
L  Liter
m  meter
m2  square meter
MDL  Method Detection Limit
nMDS  Non-metric Multidimensional Scaling
mg  milligram



viii

Acronyms and Abbreviations (continued)

mgd  millions of gallons per day
ml  maximum length
mL  milliliter
mm  millimeter
MODIS Moderate Resolution Imaging Spectroradiometer
MRP  Monitoring and Reporting Program
mt  metric ton
n  sample size
N                     number of observations used in a Chi-square analysis
ng  nanograms
no.  number
NOAA  National Oceanic and Atmospheric Administration
NPDES National Pollution Discharge Elimination System
NWS  National Weather Service
O&G  Oil and Grease
OEHHA California Offi ce of Environmental Health Hazard Assessment
OI  Ocean Imaging
p  probability
PAH  Polycyclic Aromatic Hydrocarbons
PCB  Polychlorinated Biphenyls
PDO  Pacifi c Decadal Oscillation
pH  Acidity/Alkalinity value
PLOO  Point Loma Ocean Outfall
PLWTP Point Loma Wastewater Treatment Plant
ppb  parts per billion
ppm  parts per million
ppt  parts per trillion
PRIMER Plymouth Routines in Multivariate Ecological Research
psu  practical salinity units 
r  Pearson correlation coeffi cient
rs  Spearman rank correlation coeffi cient
ROV  Remotely Operated Vehicle
RWQCB Regional Water Quiality Control Board
SABWTP San Antonio de los Buenos Wastewater Treatment Plant
SBOO  South Bay Ocean Outfall
SBWRP South Bay Water Reclamation Plant
SCB  Southern Califonia Bight
SCBPP  Southern California Bight Pilot Project
SD  Standard Deviation
SIMPER Similarity Percentages Routine
SIMPROF Similarity Profi le Analysis
SIO  Scripps Institution of Oceanography
sp  species (singular)
spp  species (plural)
SSM  Sub-surface Salinity Minimum



ix

Acronyms and Abbreviations (continued)

SWRCB Califonia State Water Resources Control Board
tDDT  total DDT
TN  Total Nitrogen
TOC  Total Organic Carbon
tPAH  total PAH
tPCB  total PCB
TSS  Total Suspended Solids
TVS  Total Volatile Solids
USEPA United States Environmental Protection Agency
USFDA United States Food and Drug Administration
USGS  United States Geological Survey
USIBWC United States International Boundary and Water Commission
wt  weight
yr  year
ZID  Zone of Initial Dilution
α  alpha, the probability of creating a type I error
μg  micrograms
π  summed absolute distances test statistic



x

This page intentionally left blank



xi

Production Credits and Acknowledgements
Technical Editors:
T. Stebbins, A. Latker, P. Vroom

Production Editors:
E. Moore, N. Haring, M. Nelson, P. Vroom, R. Gartman, A. Davenport 

GIS Graphics:
M. Kasuya, D. Olson, J. Pettis Schallert

Cover Photo:
Early morning view of the “New” Point Loma Lighthouse constructed in 1891 and located at the 
southern tip of Point Loma, San Diego. Photo by Eliza Moore.

Acknowledgments: 
We are grateful to the personnel of the City’s Marine Biology, Marine Microbiology, and Wastewater 
Chemistry Services Laboratories for their assistance in the collection and/or processing of all samples, 
and for discussions of the results. The completion of this report would not have been possible without 
their continued efforts and contributions. We would especially like to thank A. Davenport, W. Enright,  M. 
Kasuya, M. Nelson, D. Olson, L. Othman, J. Pettis Schallert, R. Velarde, and L. Wiborg for their critical 
reviews of various chapters of this report. We would also like to thank Drs. E. Parnell, L. Rasmussen 
and E. Terrill of the Scripps Institution of Oceanography for their advice and assistance. Complete staff 
listings for the above labs and additional details concerning relevant QA/QC activities for the receiving 
waters monitoring data reported herein are available online in the 2010 EMTS Division Laboratory 
Quality Assurance Report  (www.sandiego.gov/mwwd/environment/reports.shtml).

How to cite this document: 
City of San Diego. (2011). Annual Receiving Waters Monitoring Report for the Point Loma Ocean 
Outfall, 2010. City of San Diego Ocean Monitoring Program, Public Utilities Department, Environmental 
Monitoring and Technical Services Division, San Diego, CA.



xii

This page intentionally left blank


